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Abstract—Cancer is considered as the most lethal disease for human beings, and up to now many attempts
were failed for prevention and treatment of this tremendous health problem. Consequently, this study pur-
pose was to investigate novel therapeutic methods for cancer. The bacterial toxin can result in cell death
throughout the induction of apoptosis in cancer cell lines. We evaluated apoptosis and the expression levels
of long non-coding RNAs (lncRNAs) in PC3, ACHN and HDF cell lines that were transfected with pCD-
NA3.1(+)-seh and empty plasmid. pCDNA3.1(+)-seh treatment showed overexpression of GAS5 (p = 0.0033
and p = 0.0033) in PC3 and ACHN cells, down regulation of PCA3 and NEAT1 (p = 0.0092 and p = 0.0097)
in the PC3 cells, and down regulation of PVT1 and MALAT1 (p = 0.0239 and p = 0.0133) in the ACHN cells
in comparison with the empty plasmid, but there was no significant effect on HDF normal cells. Additionally,
this study data demonstrated that the cell adhesion was down regulated. The flow cytometry data showed
transfection by pCDNA3.1 (+)-seh could elevate PC3 and ACHN cell apoptosis levels in comparison with
empty plasmid. This study findings propose that SEH toxin of S. aureus could be a useful candidate for ther-
apeutic researches in cancer vaccine development.
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INTRODUCTION
Cancer is a generic term for a large group of dis-
eases that represent the second leading cause of death
worldwide. Prostate cancer (PCa) is one of the major
forms of cancer among males, and many studies have
shown that the incidence of PCa in recent years has
grown substantially [1]. The global burden of PCa is
considerable, ranking among the top five cancers for
both incidence and mortality. In addition, PCa is the
second leading cause of cancer death among men after
lung cancer [2]. The combined treatment, applying
both local and systemic therapies, can be beneficial in
the management of prostate cancer. More specifically,
treatment approaches like surgery, radiation therapy,
hormonal therapy, and chemotherapy are used for
prostate cancer. Immunotherapy has also offered new
possibilities to treat prostate cancer with metastases
that does not respond to other forms of treatment [3].
The next most common cancers is kidney cancer. The
most common form of kidney cancer originates in the
renal epithelium, called renal cell carcinoma (RCC).
The classification system of kidney tumors has
recently been updated, with clear cell, papillary (types
I and II), and chromophobe tumors being the most
frequent RCC subtypes encompassing 85% of all pri-
mary renal neoplasms. About 25–30% of RCC
patients are diagnosed when they are already at
advanced stages of this cancer [4]. RCC is the 9th and
14th most common cancer in men and women,
respectively, and it is the 16th most common cause of
cancer death from cancer worldwide. In light of
improved screening programs of patients with RCC,
we have learned that the prevalence of this cancer is
increasing worldwide. The highest incidence rates can
be found in developed countries, mostly Northern and
Eastern Europe, such as the Czech Republic, as well as
North America [5, 6]. In the US, there are 64000 new
cases of RCC and 14000 RCC-related deaths every
year. The important factors that play a role in this disease
are race, age, and gender. In men above the age of 60,
RCC is more common, and the highest incidence is in
the 60–80 decades of life [4]. The genetic and
acquired risk factors comprise multiple agents causing
RCC. Smoking, hypertension, obesity, diabetes, and
chronic analgesic use are the most common acquired
risk factors for this cancer [7]. Cell lines are still a use-180
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including cellular biology and oncology, and the
proper use of in vitro models plays a central role in
enhancing our knowledge of cancer. The ACHN cell
line indicates an uncertain RCC histotype. It was
established from the malignant pleural effusion of a
22-year-old Caucasian male with widely metastatic
renal adenocarcinoma [8].
Bacterial toxins have a great therapeutic potential
for cancer therapy. In several studies (in vitro and
in vivo), these toxins showed efficient cell-killing
capacity for cancer cells. A number of bacterial toxins
such as Staphylococcus aureus alpha-toxin (α-toxin),
Clostridium perfringes enterotoxin, and streptolysin O
of Streptococcus pyrogenes are the most attractive for
cancer therapy. Bacterial toxins are the most obvious
cytotoxic agents because these genes are native to bac-
terial physiology. Apoptosis is induced by bacterial
toxins during infection and is now considered import-
ant in disease processes [9, 10]. As a major human
pathogen, S. aureus also causes apoptosis during
infection. In some diseases like atopic dermatitis and
sepsis, the S. aureus influences the severity and result
of a disease by inducing apoptosis. Some studies
reported that most of the S. aureus toxins under exam-
ination triggered programmed cell death processes.
For example, staphylococcal enterotoxin H (SEH)
triggered apoptosis in bovine mammary epithelial
cells. Several S. aureus toxins, such as staphylococcal
enterotoxins (SEs) and a-toxin, have proapoptotic
activities. The SEs include at least 10 members: SEA,
SEB, SEC, SED, SEE, SEG, SEH, SEI, SER, and
SET [11].
Almost thirty years ago, the first long non-coding
RNAs (lncRNAs) were discovered and characterized
for their involvement in genomic imprinting and chro-
mosome dosage-compensation. Now, about 30000
lncRNAs have been identified in the human genome.
lncRNAs have the major transcriptional output of the
genome; they are not responsible for encoding any
proteins and are defined as RNA molecules with more
than 200 nucleotides. studies have found that these
transcripts played a central role in several physiologi-
cal and pathological processes. lncRNAs also play
important roles in cancer, they are often differentially
expressed and widely associated with numerous types
of cancer. The aberrant expression of these transcripts
has shed light on tumorigenesis, metastasis, cancer
stage progression, and patient survival. Hence,
lncRNas have been used for diagnostic and therapeu-
tic approaches [12].
In this study for the first time, we inserted seh gene
in the pcDNA3.1(+) eukaryotic expression plasmid to
construct a recombinant carrier. We transfected
ACHN and PC3 cell lines with the carrier and empty
plasmid in vitro and evaluate the expression of desired
lncRNAs in the cells and apoptosis.MOLECULAR GENETICS, MICROBIOLOGY AND VIROMATERIALS AND METHODOLOGY
lncRNAs Signature Selection with the Highest Gene 
Expression Alteration Score amongst Those
with Prostate and Kidney Cancers
In order to indicate the contribution of lncRNAs in
prostate and kidney cancers, 4105 lncRNAs were down-
loaded from the HUGO Gene Nomenclature Commit-
tee (HGNC) database (http://www.genenames.org). All
the genes were recognized using the cBioPortal after we
individually input them (http://www.cbioportal.org). We
selected the GAS5, PCA3 and NEAT1 for prostate can-
cer and GAS5, PVT1 and MALAT1 lncRNAs for kid-
ney cancer with RNA seq v2 data in this study, respec-
tively, and also considered RNA expression Z score
threshold as ±2.
Recombinant Plasmid Preparation and Confirmation
The mammalian expression vector, pcDNA3.1(+)
containing seh, encoding gene was purchased from
GenRay Biotechnology (Dongjing town Songjiang,
Shanghai China), and an empty pcDNA3.1(+) (Invi-
trogen) plasmid was utilized in this program. Both
plasmids were transformed into two separate compe-
tent Escherichia coli strain TOP10F cells using heat
shock method [13], and were grown under ampicillin
(100 μg/mL) treatment. The recombinant and empty
plasmids were extracted by the use of the Plasmid
MiniPrep Purification Kit (Qiagen, Germany) with
respect to the manufacturer’s protocol. The recombi-
nant vector (pcDNA3.1 (+)-seh) was analyzed using
specific-seh PCR primers. In addition, this vector was
digested using the restriction enzymes BamHI and
EcoRV (both from New England BioLabs, USA) in
order to confirm the seh gene presence in the recom-
binant plasmid. The PCR amplified and digested
products were electrophoresed on 1% agarose gel.
Cell Transfection
ACHN (human renal cell adenocarcinoma), PC3
(human prostate adenocarcinoma cell line) and HDF
(human dermal fibroblasts-normal) cell lines were
purchased from the National Cell Bank of Iran (Pas-
teur Institute, Tehran, Iran). The cells were cultured
and maintained using RPMI-1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) with 10% heat-inacti-
vated fetal bovine serum (FBS) (Gibco, Carlsbad, CA,
USA), 100 U/mL penicillin (Sigma-Aldrich,
St. Louis, MO, USA), and 100 ug/mL streptomycin
(Sigma-Aldrich, St. Louis, MO, USA) in a humidi-
fied atmosphere containing 5% carbon dioxide (CO2)
at 37°C. The transfection of cells was performed in
6-well plate with respect to the instructions for the
Lipofectamine 2000TM reagent (Invitrogen, USA).
2 μg of pcDNA3.1 (+)-seh and 2 μg of the pcDNA3.1
(+) were separately transfected into each cell lines.
The transfected ACHN, PC3 and HDF cells wereLOGY  Vol. 35  No. 3  2020
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[14]. In addition, there exist one group from each cells,
which were cultured in the same condition in 6-well
plate without any transfection. These cells were
treated with G418, similar to control groups in order to
assess this aminoglycoside antibiotic accurate perfor-
mance. HDF cells were applied as normal cells group
during this experiment.
Annexin V-FITC Assay
Apoptotic cell death caused by recombinant (pcD-
NA3.1(+)-seh) and empty plasmid (pcDNA3.1(+))
was measured by the use of FITC Annexin V Apopto-
sis Detection Kit I (556547, BD Biosciences Pharmin-
gen, USA) by f low cytometry. All experiments were
accomplished in duplicate; brief ly explain, 3 × 105 of
each cell lines (ACHN, PC3 and HDF) were two
times washed with ice-cold phosphate buffer solution.
After that, the cells were re-suspended in 100 μL of
1X binding buffer (provided in the kit), and also 100 μL
of cells suspension was transferred into f low cytometry
micro-tube and was stained with 5 μL of FITC-conju-
gated Annexin-V (10 mg/mL) and 10 μL of PI
(50 mg/mL). The cells were incubated in darkness for
15 min at room temperature (25°C). Afterward,
400 μL of binding buffer was added, and analyzed
using a f low cytometry apparatus (FACSCalibur, Bec-
ton. Dickinson).
RNA Isolation and cDNA Synthesis
Cells were collected after being transfected by a
recombinant plasmid and empty plasmid for duration
of 10 days. Total RNA was extracted using RNX-Plus
reagent (SinaClon, Iran). After that, RNA was dis-
solved in sterile RNase-free water. The RNA concen-
tration and purity were measured using a spectropho-
tometer (Thermo ScientificTM NanoDrop 2000, Ger-
many). The complementary DNA (cDNA) synthesis
was accomplished using PrimeScriptTM First-Strand
cDNA Synthesis kit (cat no. 6610A; Takara Biomedi-
cal Technology, China).
Also, a PCR test was applied by the use of seh spe-
cific primers, in order to confirm the seh gene expres-
sion after lipoprotection. PCR was performed in a
20 μL mixture containing 1 μL cDNA, MgCl2 2 mM,
dNTPs 0.2 mM, Taq DNA polymerase 0.5 unit (Sina-
Clon), and 0.5 μM of each primer (seh-F/seh-R,
Table 1). The reaction mixture was heated for 3 min at
95°C. Amplification was performed in a Bio-rad T100
Thermal Cycler (USA), at 94°C for 1 min, 55°C for
1 min, 72°C for 1 min for 30 cycles, respectively, fol-
lowed by a final extension step for 5 min at 72°C. The
PCR products were analyzed on a 1% agarose gel
using electrophoresis.MOLECULAR GENETICS, MICRqPCR Analysis
Real time RT-PCR was performed using specific
primers (Table 1) and SYBR®Premix Ex TaqTM II kit
(TaKaRa, Japan), with respect to the manufacturer’s
instruction. The qPCR analysis was performed by spe-
cific primers of GAS5, PCA3 and NEAT1 lncRNAs on
PC3 cDNA. Correspondingly, the PVT1, MALAT1
and GAS5 lncRNAs expression levels were evaluated
in ACHN cells, and also Bax and Bak genes were eval-
uated as pro-apoptotic genes on HDF cells, as normal
group. All samples were amplified in triplicate at the
same PCR condition and amplification was separately
performed for each target gene. No template controls
(NTC) that contains DNAse-free water instead of
template cDNA, were also included in each run. Real-
time RT-PCR was accomplished using a Rotor-Gene
6000 Real-Time PCR Machine (Qiagen, Germany).
The thermal cycling conditions were as followings:
95°C for 2 min, and 45 cycles of 95°C for 20 s, 60°C for
15 s and 72°C for 20 s, respectively. In addition, a
melting curve analysis was applied in order to ensure
about correct amplification of the expected ampli-
cons, after the qPCR run. Standard curves for GAPDH
was generated using cDNA serial dilution. GAPDH
was monitored as a reference gene and specific gene
expression level was normalized in terms of GAPDH
transcript, and was calculated using 2–ΔCt method.
Also, the PCR products were electrophoresed on 2%
agarose gel in order to verify the product sizes.
Cell Adhesion Assay
In order to determine the cells adhesion to the f lask
bottom, a real time RT-PCR assay was performed for
investigating the integrin gene expression using spe-
cific primers. In addition, real time RT-PCR for
β-catenin gene was performed in order to determine
the cell to cell sticking. At this stage, the qPCR was
performed as it was explained earlier.
Statistical Analysis
All information were presented as mean ± SEM.
Paired Student T-test was conducted for statistical analy-
sis. The differences with less than 0.05 p-value were con-
sidered as the statistical significance level. GraphPad
Prism (v8; GraphPad software) was applied for accom-
plishing the aforementioned statistical analysis.
RESULTS
lncRNAs Were Found in Cancers
At first, we downloaded all approved lncRNAs
from HGNC to uncover the roles of lncRNAs in pros-
tate and kidney cancer. With the 4105 lncRNAs that
were approved, we investigated the cBioPortal data-
base and found lncRNAs obvious alterations, includ-
ing: mutation, copy number alteration and expression.OBIOLOGY AND VIROLOGY  Vol. 35  No. 3  2020
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Table 1. The primers used in real time RT-PCR analysis



























































65 234Confirmation of Recombinant Plasmid
The S. aureus seh gene presence in pcDNA3.1 (+)-seh
recombinant vector was confirmed using PCR and
BamHI/EcoRV restriction enzyme double digestion.
Consequently, a fragment of 193 bp was observed as
PCR product on 1% agarose gel (data were not dis-
played), and two 5 kb and 738 bp fragments wereMOLECULAR GENETICS, MICROBIOLOGY AND VIRO
Fig. 1. Confirmation of the recombinant plasmid
pcDNA3.1(+)-seh by double restriction endonuclease
analysis. Line 1, double restriction endonuclease analysis
with BamHI/EcoRV for pcDNA3.1(+)-seh (recombinant
vector); Line 2, DNA size marker.
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150observed after double digestion for pcDNA3.1(+)
plasmid and seh gene, respectively (Fig. 1).
Flow Cytometry Assay
The flow cytometry experiments results indicated
the apoptosis and necrosis in ACHN cells that trans-
fected with pcDNA3.1(+)-seh recombinant vector
were significantly increased (p < 0.05), in comparison
with pcDNA3.1(+) plasmid. After seh treatment, the
ACHN cells death percentage obviously increased.
The flow cytometry data demonstrated that the seh
treated ACHN cells were more died (apoptosis) com-
pared to empty plasmid, and this mortality was statis-
tically significant (p < 0.05) (Fig. 2a). Similarly, the
treatment of PC3 cells results by pcDNA3.1(+)-seh
recombinant vector and empty plasmid after flow cytom-
etry analyze, were indicated in Fig. 2b. PC3 cells trans-
fection using recombinant vector indicated more cell
death (p < 0.05). On the contrary, the apoptosis in HDF
cells that were transfected with pcDNA3.1(+)-seh
recombinant vector, presented no statistically signifi-
cant difference in comparison with pcDNA3.1(+)
plasmid (Fig. 2c).LOGY  Vol. 35  No. 3  2020
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GroupsMammalian Expression of seh Gene
The ACHN, PC3 and HDF cells that were trans-
fected with the recombinant pcDNA3.1 (+)-seh
expression vector, were harvested by passing 10 days
from transfection. The RT-PCR results indicated that
193 bp fragment were amplified for seh gene, and pro-
posing that the recombinant plasmid was transfected
into ACHN, PC3 and HDF cells, successfully (data
were not displayed).
qPCR Assay
We evaluated the PVT1, MALAT1 and GAS5
expression levels in ACHN cell line; PCA3, NEAT1
and GAS5 in PC3 cells and Bax and Bak genes in HDF
cells were transfected with pcDNA3.1(+)-seh in com-
parison with empty plasmid. Also, the gene expressionMOLECULAR GENETICS, MICRof β-catenin and integrin genes were investigated in
ACHN and PC3 groups. All information were nor-
malized by the use of GAPDH housekeeping gene. We
found a remarkable reduction PVT1 and MALAT1
gene expression using real time RT-PCR in seh treated
ACHN cells in comparison with the empty plasmid
(p < 0.05, Figs. 3a, 3b). Also, the statistical analysis
demonstrated that the PCA3 and NEAT1 expression in
PC3 cells were significantly reduced in pcDNA3.1(+)-
seh transfected cells in comparison with pcDNA3.1(+)
plasmid (p < 0.05, Figs. 3d, 3e). The GAS5 gene
expression in ACHN and PC3 cells that were trans-
fected by seh gene of S. aureus, were statistically signif-
icant increased in comparison with those in empty plas-
mid (Figs. 3c, 3f). On the contrary, expression levels of
Bax and Bak in HDF cell indicated no statistically signif-
icant difference between the pcDNA3.1(+)-seh trans-OBIOLOGY AND VIROLOGY  Vol. 35  No. 3  2020
IMPACTS OF THE STAPHYLOCOCCAL ENTEROTOXIN H 185
Fig. 3. The expression levels of PVT1, MALAT1 and GAS5 in ACHN cells; PCA3, NEAT1 and GAS5 in PC3 cells and Bax and

















































































































































































































































































































































































fected cells in comparison with the empty plasmid
(Figs. 3g, 3h). The comparison of integrin and β-cat-
enin genes expression indicated statistically significant
reduction in seh treated cells (Fig. 4).MOLECULAR GENETICS, MICROBIOLOGY AND VIRODISCUSSION
Cancer is the second leading cause of death after
cardiovascular disease in all over the world, conse-
quently, it is responsible for an estimated 9.6 millionLOGY  Vol. 35  No. 3  2020
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Fig. 4. The expression levels of integrin and β-catenin genes in pcDNA3.1(+)-seh transfected ACHN (a and b) and PC3 (c and


































































































































































































indeaths in 2018. Totally, about 1 from 6 deaths is
because of cancer. Approximately one-third of deaths
from cancer are caused by the 5 leading behavioral and
dietary risk factors as followings: high body mass
index, low fruit and vegetable intake, physical inactiv-
ity, smoking, and alcohol abuse [15]. Using bacterial
toxins in cancer treatment has increased in recent
years. Most of these therapies are with respect to the
bacterial toxins using in recombinant vectors [16].
Here is a report investigating the SEH toxin of
S. aureus to Induction of apoptosis and the effects on
the expression levels of lncRNAs in PC3 and ACHN
cell lines. In conclusion, the 4105 lncRNAs alterationsMOLECULAR GENETICS, MICRwere also investigated that were including mutation,
copy number alteration and expressions. After that,
the lncRNAs GAS5, PVT1 and MALAT1 were selected
from kidney cancer, and GAS5, PCA3 and NEAT1
from prostate cancer. At the molecular level, the effect
of recombinant plasmid on the cell lines apoptosis was
investigated. The pcDNA3.1(+) mammalian expres-
sion vector was applied in order to insert the seh gene
encoding. The recombinant plasmid pcDNA3.1(+)-
seh was constructed and also amplified in a TOP10F
chemically competent cell. Two cancer cell lines
(ACHN and PC3) and HDF cell, as normal cell, were
transfected with pcDNA3.1(+)-seh and pcDNA3.1(+),OBIOLOGY AND VIROLOGY  Vol. 35  No. 3  2020
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expression in seh-transfected cells. Cell death in tested
cells was evaluated by the use of the annexin V/PI
staining and f low cytometry in order to attain a necro-
sis and apoptosis measure. More cell death was signifi-
cantly observed in ACHN and PC3 cells lipofected
with pcDNA3.1(+)-seh, compared to control groups
(P < 0.05). Therefore, this study observations con-
firmed the significant role of pcDNA3.1(+)-seh in
apoptosis. In addition, we evaluated the lncRNAs
expression levels after seh treatment. Our findings
demonstrated that MALAT1 and PVT1 expression lev-
els in ACHN transfected with pcDNA3.1(+)-seh were
significantly reduced in comparison with ACHN
transfected with pcDNA3.1(+) vector (P < 0.05). The
PCA3 and NEAT1 expressions were decreased in seh-
treated PC3 cells in comparison with the empty plas-
mid (P < 0.05). It can be therefore discussed that the
reduction in these genes expression levels could result
in cell death in seh-treated cell lines. Moreover, the
GAS5 expression in seh-treated cells increased in both
ACHN and PC3 cell lines.
In one study, the GAS5 overexpression in the A498
RCC cell line, inhibited cell proliferation, induced cell
apoptosis and also arrested cell cycle. Furthermore, in
another study accomplished by Pickard in 2013, pros-
tate cancer cell lines PC3 and 22Rv1 were transfected
with GAS5-encoding pcDNA3 plasmid, and cell sur-
vival was investigated, and apoptosis was found to be
increased [17, 18]. In this study, we expected that
apoptosis would occur after seh-encoding toxin gene
expression. As observed in the two above-cited
researches, GAS5 overexpression resulted in apoptosis
induction, which confirms our hypothesis. In another
study (2017), knockdown of NEAT1 by NEAT siRNAs
transfection in RCC cell lines suppressed cell prolifer-
ation and induced cell apoptosis [19]. In this study,
down-regulation of lncRNA NEAT1 was observed
after eukaryotic expression of the seh gene in PC3 cell
lines. This confirms the SEH toxin effect on apoptosis
induction. Yu (2013) investigated the S. aureus toxins
SEB and α-toxin effects on ECV304 cells. The results
indicated apoptosis induction, increasing in TNF-α
expression and also caspase 3 and 8 activation in
ECV304 cells. These findings propose that SEB and
α-toxin induce apoptosis throughout the extrinsic
apoptosis pathway [20]. In this study, the seh expres-
sion effects on PC3 and ACHN cell lines were investi-
gated, and similar results were obtained in terms of
apoptosis induction. Also, the integrin and β-catenin
gene expression were reduced, so the cells adhesion
were reduced in seh treated cell lines. These results
indicated that the S. aureus SEH toxin resulted in
apoptosis activation throughout pro-apoptotic genes
and regulatory lncRNAs in cancer cell lines, but it had
no effects on normal HDF cells.
In this study, the tumor progression lncRNAs
expression such as MALAT1, PVT1, PCA3 and NEAT1
decreased in the ACHN and PC3 cancer cell lines, at theMOLECULAR GENETICS, MICROBIOLOGY AND VIROtime that they were transfected with pcDNA3.1(+)-seh.
Furthermore, the GAS5 expression, as a cell apopto-
sis-inducing lncRNA, was up regulated in the seh-
treated ACHN and PC3 cells. pcDNA3.1(+)-seh also
increased cell death and apoptosis in transfected cells.
In summing up, the S. aureus SEH toxin can be
applied as a therapeutic bacterial toxin in cancer treat-
ment in the future.
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